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LED State Descriptions 

Green Red Amber Meaning 

On Any Any The unit 200 is powered up. 
The red LED flashes 2-3times per second 
when any CAN data is received. This light 
will flash approximately every two seconds 

on Flashmg Any as CAN messages are received at different I 
times to check key position, create file 
header information and obtain data. 

On Any On A valid GPS signal has been obtained. 
A file has successfully been sent over the 

Flashing Flashing Flashing wireless connection. All three LEDs will flash 
in sync three times. 

Off Off on Pre-shutdown; tasks are given time to finish. 
This lasts for 4 seconds. 
Unit has disabled CAN and is waiting to 
shutdown. At the end of a 27 second period 

On On On the unit 200 will power off if there is no CAN 
bias from the vehicle. If there is still a CAN 
bias. the unit 200 restarts. 

FIGURE 4 
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Fields # of Bytes Description 

Unit serial number 4 All digit serial number 

All digit version and release number. Upper 
two bytes are version bytes and lower two 

Software Version 4 bytes are the release number. 

All Digit Config ID (upper 4 bytes are 
reserved as all 0 values) 
month = 0 to 12 

day = 1 to 31 

year = 00 to max 4 byte value 

Configuration File Name 
Date - month 

- day 

- year JANNUJ 
1 = Histogram file 
2 = Event Counter File 
3 = Time in State File 
4 = Raw Data File 
5 = Trigger Only 
6 = Safety File 
7 = Probe File 
8 = Master ID 
9 = Error 

A = Fault and Freeze Frame 
File Type (1-FF) 1 B to FF = undefined 
Hardware Version 1 All Digit hardware version 

Reserved 10 

FIGURE 5 
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Parameter CAN Request String Conversion Factor 
Ambient Temperature (degrees 
C) 0x7EO O3 22 01 B6 (hex value) -64 
Speed (mph) 0x7E0 03 22 03 D5 (hex value) 
Egine Odometer High (miles) Ox7E0 O3 22 04 3B (hex value) * 8.192 
Engine Odometer Low (miles) Ox7E0 O3 22 04 3C (hex value) * 0.032 
FCM Odometer (kilometers) 0x620 02 21 A3 (hex value) * 0.1 
Wiper Status 0x620 O2 2 1 A1 

0x01 = intermittent speed 1 
0x02 = intermittent speed 2 
0x03 = intermittent speed 3 
0x04 = intermittent speed 4 
0x05 = intermittent speed 5 
0x06 = intermittent speed 6 
OxOD = low speed 
OxOE = high speed 

Barometric Pressure (in. Hg) 0x7E0 03 22 01 70 (hex value) * 0.059 

FIGURE 6 
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VEHICULAR FLEET MONITORING VIA 
PUBLIC WIRELESS COMMUNICATION 
ACCESS POINTS USING COMPRESSED 
DIAGNOSTIC DATA SETS AND REDUCED 

LATENCY TRANSMISSIONS 

RELATED APPLICATION 

This application claims the bene?t of priority of US. pro 
visional application 60/804,714, ?led Jun. 14, 2006, the entire 
contents of Which are incorporated herein by this reference. 

FIELD OF THE INVENTION 

This invention relates generally to vehicle tracking, and, 
more particularly, to a system and method for vehicular ?eet 
monitoring via public Wireless communication access points 
using compressed diagnostic data sets and reduced latency 
transmissions. 

BACKGROUND 

GPS tracking systems have groWn in popularity in recent 
years. A conventional tracking system uses a GPS naviga 
tional device to determine the location of a vehicle or other 
mobile object and to record the position at determined times, 
intervals or conditions in order to create a track ?le or log of 
activities. The recorded data can be stored Within a GPS 
tracking unit for subsequent access and use, or it may be 
transmitted to a central location, or intemet-connected com 
puter. Illustratively, the data may be communicated using a 
cellular, radio, or satellite modem embedded in the tracking 
unit. This alloWs the data to be reported in real-time, using 
either Web broWser based tools or customiZed software. 
Some tracking units are interfaced to receive signals and 

store data representative of output from various sensors pro 
vided on vehicles. In addition to tracking a vehicle’ s location 
at any time, such systems may store operating data such as 
speed, rpm, engine temperature and other parameters Which 
are sensed and processed by sensors and electronic control 
units of modern vehicles. 

Wireless hotspots have also groWn in popularity in recent 
years. Hotspots are locations Where compatible computers 
(such as laptops, PDAs or other properly equipped computing 
devices) may communicate via high frequency radio signals 
With a Wireless local area netWork (WLAN/Wi-Fi) equipped 
With a public Wireless access point (WAP) in accordance With 
a compatible Wireless standard (e.g., IEEE 802.11x) to con 
veniently connect to the Internet. Hotspots are often found 
near restaurants, train stations, hotels, airports, cafes, librar 
ies and other public places. Many such hotspots are open (i.e., 
publicly accessible) and available free of charge. 

Despite the proliferation of hotspots, to date they have not 
been used a primary means for vehicle tracking. Shortcom 
ings of hotspots, Which include limited capacity and range, 
have forestalled Widespread adoption and use for vehicle 
tracking. By Way of example, a typical IEEE 802.11 WAP 
may communicate With up to about 30 client systems located 
Within a radius of about 100 meters. Even this limited range of 
communication can vary substantially, depending on such 
variables as indoor or outdoor placement of the WAP, height 
above ground, nearby obstructions, other electronic devices 
that might actively interfere With the signal by broadcasting 
on the same frequency, the type of antenna(s), the current 
Weather, operating radio frequency, and the poWer output of 
devices. 
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2 
As a further complication, a traveling vehicle may spend 

only a feW seconds Within the range of an available hotspot. 
This provides an extremely narroW WindoW of opportunity to 
communicate accumulated tracking data. 

To avoid the aforementioned limitations of hotspots, most 
conventional tracking systems depend upon alternative forms 
of Wireless communication, such as cellular. While such 
forms of communication are effective for vehicle tracking, 
they tend to be more costly to deploy, operate and maintain. 
A tracking system that can take advantage of freely avail 

able public hotspots is needed. The system should be con?g 
ured to automatically detect the presence of an available 
hotspot and communicate e?iciently using compressed diag 
nostic data sets and reduced latency transmissions. 

The invention is directed to ful?lling one or more of the 
needs and overcoming one or more of the problems as set 
forth above. 

SUMMARY OF THE INVENTION 

To overcome one or more of the problems as set forth 

above, in one aspect of the invention, a vehicular monitoring 
system is provided. The system is con?gured to acquire GPS 
position data and vehicular operating data, Write the data to a 
?le, and detect and utiliZe public Wireless communication 
(e.g., 802.11x/WiFi) Internet access points to communicate 
the ?le containing the acquired GPS position data and vehicu 
lar operating data to a remote computer. Compressed diag 
nostic data sets and reduced latency Wireless transmissions 
are utiliZed to facilitate communication. 

In one aspect of an exemplary vehicle tracking unit, a 
microcontroller, a GPS receiver With a corresponding GPS 
antenna, a Wireless netWork transceiver With a corresponding 
Wireless netWork antenna, a memory, a poWer supply and one 
or more interfaces operably coupled by a bus, are all provided. 
The microcontroller is adapted to provide supervisory logic 
control over the tracking unit; control the GPS receiver and 
Wireless netWork transceiver; receive input from the GPS 
receiver, Wireless transceiver and interfaces; and Write to and 
read from the memory. The GPS receiver is adapted to receive 
GPS satellite signals and calculate position and time. The 
interfaces provide means for communicatively coupling the 
microcontroller to a vehicle Electronic Control Unit and sen 
sors and receiving signals corresponding to operational data. 
The bus is adapted to enable transfer of data and poWer 
betWeen components. The microcontroller is also adapted to 
create a ?le, including a header and data pairs comprised of 
location data and corresponding operational parameter data. 
The header includes a vehicle identi?er and a tracking unit 
identi?er. The Wireless netWork transceiver is adapted to 
detect open compatible Wireless netWork connections With 
Internet access and transmit the ?le to a remote computer via 
a detected open Wireless access point With an Internet con 
nection using a determined ?le transfer protocol. 

In one aspect of an exemplary method of tracking a vehicle 
according to principles of the invention, a location of a 
vehicle is determined using a global positioning system. A 
time is also determined at Which the location of the vehicle is 
determined. Operational parameters of the vehicle are deter 
mined at the determined time. A data ?le is created, including 
a header and data pairs comprised of location data and the 
corresponding operational parameter data. The header 
includes a vehicle identi?er and a tracking unit identi?er. 
Open compatible Wireless netWork connections With Internet 
access are detected When available. A detected open compat 
ible Wireless netWork connection is accessed and utiliZed for 
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transmitting the data ?le to a remote computer via the Internet 
using a compatible ?le transfer protocol. 

In another aspect of the invention, a method of tracking a 
vehicle using a system and method for vehicular ?eet moni 
toring as described herein includes determining a location of 
a vehicle using a global positioning system, determining a 
time at Which the location of the vehicle is determined, deter 
mining at least one operational parameter of the vehicle at the 
determined time, creating a data ?le includes a header and at 
least one data pair, the at least one data pair includes the 
determined location of the vehicle and the corresponding at 
least one operational parameter, the header including a 
vehicle identi?er and a tracking unit identi?er, determining 
When an open compatible Wireless netWork connection With 
Internet access is available, and accessing the open compat 
ible Wireless netWork connection and transmitting the data 
?le to a remote computer via the Internet using a compatible 
?le transfer protocol. 

In another aspect of the invention, a method further 
includes steps of poWering up and shutting doWn the system 
based upon a CAN line bias. The system may be poWered up 
When the CAN line bias is at least a ?rst determined threshold 
amount, and the system may be poWered doWn When the CAN 
line bias drops beloW a second determined threshold amount. 
Such bias may correspond to states of the vehicle’s ignition. 

In another aspect of the invention, the at least one opera 
tional parameter is requested periodically. Location may be 
determined Whenever the at least one operational parameter is 
determined. 

In another aspect of the invention, system status is visibly 
indicated. 

In another aspect of the invention, the at least one data pair 
includes the determined location of the vehicle and the cor 
responding at least one operational parameter and the header 
includes a vehicle identi?er and a tracking unit identi?er. 
Each data pair is appended to the data ?le until the data ?le is 
transmitted. Upon transmission a neW data ?le is created. A 
?le name is created for each data ?le, Which ?le name 
includes a date, an identi?cation number for the system and a 
count number for the date. 

In another aspect of the invention, an almanac is created. 
The almanac includes GPS satellite information. Date and 
time information are determined from UTC time. 

In another aspect of the invention, each of the at least one 
data pair includes a time of data collection, latitude, longi 
tude, groundspeed and altitude and at least one operational 
parameter from the group consisting of ambient temperature, 
vehicle speed, odometer reading, Windshield Wiper status and 
barometric pressure. The operational parameter is Written to 
the data ?le as a raW recorded hexadecimal value Which may 
then be converted from the raW recorded hexadecimal value 
to actual units by applying a determined conversion factor. 

In another aspect of the invention, the vehicle tracking unit 
includes a microcontroller, a GPS receiver With a correspond 
ing GPS antenna, a Wireless netWork transceiver With a cor 
responding Wireless netWork antenna, a memory, a poWer 
supply and one or more interfaces operably coupled by a bus. 
The microcontroller is adapted to provide supervisory logic 
control over the tracking unit, control the GPS receiver and 
Wireless netWork transceiver, receive input from the GPS 
receiver, Wireless transceiver and interfaces, and Write to and 
read from the memory. The GPS receiver is adapted to receive 
GPS satellite signals and calculate position and time based 
thereon. The one or more interfaces include a means for 

communicatively coupling the microcontroller to a vehicle 
Electronic Control Unit and receiving operational data there 
from. The bus is adapted to enable transfer of data and poWer 
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4 
betWeen components. The Wireless netWork transceiver is 
adapted to detect and transmit GPS and operational data to a 
remote computer via an open Wireless access point With an 
Internet connection using a determined ?le transfer protocol. 
The microcontroller is con?gured to determine a location of 
the vehicle using GPS receiver, determine a time at Which the 
location of the vehicle is determined, determining at least one 
operational data of the vehicle at the determined time, and 
create a data ?le that includes a header and at least one data 
pair. The at least one data pair includes the determined loca 
tion of the vehicle and the corresponding at least one opera 
tional data. The header includes a vehicle identi?er and a 
tracking unit identi?er. The microcontroller is con?gured to 
determine When an open compatible Wireless netWork con 
nection With Internet access is available using the Wireless 
netWork transceiver and then access the open compatible 
Wireless netWork connection and transmit the data ?le, using 
the Wireless netWork transceiver, to a remote computer via the 
Internet using a compatible ?le transfer protocol. The data ?le 
may include a plurality of data pairs appended to the data ?le 
until the data ?le is transmitted. The microcontroller may be 
con?gured to create a neW data ?le upon transmission the data 
?le, and con?gured to create a ?le name for each data ?le the 
?le name including a date, an identi?cation number for the 
unit and a count number for the date. 

In another aspect of the invention, each of the at least one 
data pair includes a time of data collection, latitude, longi 
tude, groundspeed and altitude and at least one operational 
parameter from the group consisting of ambient temperature, 
vehicle speed, odometer reading, Windshield Wiper status and 
barometric pressure, the method further includes Writing the 
operational parameter to the data ?le as a raW recorded hexa 
decimal value. 

In another aspect of the invention, the microcontroller may 
be con?gured to create an almanac using the GPS receiver. 
The almanac including almanac data corresponding to the 
GPS satellite signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other aspects, objects, features and 
advantages of the invention Will become better understood 
With reference to the folloWing description, appended claims, 
and accompanying draWings, Where: 

FIG. 1 provides a high level block diagram that conceptu 
ally illustrates an exemplary environment in Which a vehicle 
tracking unit according to principles of the invention may be 
utiliZed; and 

FIG. 2 provides a high level block diagram of an exemplary 
vehicle tracking unit according to principles of the invention; 
and 

FIG. 3 provides a high level ?owchart of an exemplary 
vehicle tracking methodology according to principles of the 
invention; and 

FIG. 4 provides a table of exemplary LED state descrip 
tions according to principles of the invention; and 

FIG. 5 provides a table of exemplary ?rst line header data 
according to principles of the invention; and 

FIG. 6 provides a table of exemplary conversion factors for 
converting recorded hex values to sensed data. 

Those skilled in the art Will appreciate that the invention is 
not limited to the exemplary embodiments depicted in the 
?gures or the shapes, relative siZes, proportions or materials 
shoWn in the ?gures. 

DETAILED DESCRIPTION 

An exemplary system and methodology according to prin 
ciples of the invention enable vehicular ?eet monitoring and 
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safety applications via public Wireless communication 
(802.1 1/ WiFi) access points through use of compressed diag 
nostic data sets and reduced latency Wireless transmissions. 
The combination of optimized data formatting and latency 
modi?cations to the standard FTP (File Transfer Protocol) 
operations enable the use of public WiFi access points to 
transmit real time data in a manner that emulates the connec 
tivity of interconnected Wireless netWorks With greater geo 
graphic footprint and Wireless transmission characteristics 
such as cellular and satellite Wireless media. 

With reference to FIG. 1, an exemplary environment for 
implementing an exemplary vehicle tracking unit 200, and 
components thereof, according to principles of the invention 
is conceptually illustrated. A mobile vehicle 115 such as an 
automobile or truck is equipped With a vehicle tracking unit 
200 as shoWn in FIG. 2. The vehicle tracking unit 200 is 
con?gured for collecting operational and location data, Writ 
ing the data to ?les in a determined format, and communicat 
ing the ?les to an available Wireless access point 110, via a 
compatible Wireless communication protocol 130 (e.g., 
802.11x). Location data is provided via Wireless satellite 
communication 135 from a plurality of GPS satellites 120. 
Operational data is provided via an ECU, CAN and sensors 
located on the vehicle 115. The vehicle tracking unit 200 may 
also be con?gured for communicating the data via other 
modes of communication such as cellular 140. The Wireless 
access point 110 and cell toWer 140 in turn communicate the 
?les through other netWorks, including land lines and sWitch 
ing centers, through computers that provide gateWay services 
(i.e., access) to the Internet 100 and ultimately to a backend 
server 105 for processing, storage, reporting based upon data 
contained in the ?les. 

The backend server 105 receives, manages and processes 
?les from a plurality of mobile tracking units 200. Files from 
the vehicle tracking units 200 are delivered to the server 105 
through one or more netWorks including the Internet 100. A 
database coupled to the server 105 may store data from ?les 
provided by the vehicle tracking units 200. The server 105 
may then utiliZe the data for analyses and reporting. 

Referring noW to FIG. 2, a high level block diagram of an 
exemplary vehicle tracking unit 200, and components 
thereof, according to principles of the invention is provided. 
The tracking unit comprises a microcontroller 205, a GPS 
receiver 210 With a corresponding GPS antenna 212, a Wire 
less local area netWork (WLAN) transceiver 215 With a cor 
responding WiFi antenna 217, a cellular modem 220 With a 
corresponding cellular antenna 222, memory 225, an analog/ 
digital converter 230, a poWer supply 235, and one or more 
interfaces 245 communicatively coupled by a bus 250. The 
microcontroller 205, Which provides supervisory logic con 
trol over the tracking unit 200, is con?gured for controlling 
the GPS receiver 210 and Wireless transceiver 215; receiving 
input from the GPS receiver 21 0, Wireless transceiver 215 and 
interfaces 245; and Writing to and reading from the memory 
220. The GPS receiver 210 receives GPS satellite signals and 
calculates current position (latitude, longitude, elevation), 
and precise time, using a process of trilateration, Which may 
optionally be enhanced by any of various improvement tech 
niques such as Differential GPS (DGPS), Wide Area Aug 
mentation System (WAAS), Euro Geostationary Navigation 
Overlay Service (EGNOS), Multi-Functional Satellite Aug 
mentation System (MFSAS), Local Area Augmentation Sys 
tem (LAAS), Carrier-Phase Enhancement (CPGPS), Wide 
Area GPS Enhancement (WAGE), Relative Kinematic Posi 
tioning (RKP). The bus 250 transfers data and/or poWer 
betWeen components. The WLAN transceiver 215 transmits 
and receives data to and from a Wireless access point (WAP) 
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6 
using a compatible protocol such as the 802.11b or 802.11g 
standards at 2.4 GHZ or the 802.11a standard at 5 GHZ. The 
cellular modem 220 is con?gured for communication over a 
cellular-telephone or cell-based netWork using a compatible 
communication protocols such as, but not limited to Global 
System for Mobile Communications (GSM), General Packet 
Radio Service (GPRS), Code Division Multiple Access 
(CDMA), Evolution-Data Optimized (EV-DO), Enhanced 
Data Rates for GSM Evolution (EDGE), 3GSM, Digital 
Enhanced Cordless Telecommunications (DECT), Digital 
AMPS (IS-136/TDMA), and Integrated Digital Enhanced 
NetWork (iDEN) and others. The memory 225 may include 
volatile and/or non-volatile memory for storing data. A mass 
data storage device such as a hard disk may also be provided. 
The analog/digital converter 230 converts continuous/analog 
signals from analog sensors 255 to discrete digital signals for 
processing by the microcontroller 205. The poWer supply 235 
may be comprised of one or more rechargeable or disposable 
batteries, and/ or connections to the electric poWer system of 
the vehicle. The interfaces 245 include parallel and/or serial 
ports, netWork interface cards and/or other means for com 
municative coupling to digital sensors 250 and/ or a vehicle’s 
Controller Area NetWork (CAN) connected to the vehicle’s 
Electronic Control Unit (ECU) 245. 
The exemplary vehicle tracking unit 200 operates as a 

Wireless data monitor that supplies probe data ?les via FTP to 
a netWork server 105 and backend display system. Probe data 
?les contain location, time and sensor data along With admin 
istrative information. In operation, the vehicle tracking unit 
200 uses a biased CAN line to Wake-up and begin requesting 
a set list of previously de?ned probe data points. The probe 
data (e.g., sensor data) is requested periodically (e.g., once 
every minute) and stored to a ?le. GPS location data are also 
stored Whenever a data set is recorded or a ?le transfer attempt 
is made. Files are transferred opportunistically, i.e., Whenever 
the vehicle 115 is Within range of a compatible Wireless 
access point 110. The data is transferred to the access point 
110 over a local area netWork (LAN) 125, over the Internet 
100 to a netWork server 105 for back-end data management. 
The vehicle tracking unit 200 goes back into sleep mode When 
the vehicle’s 115 reported key position is off and the CAN 
line bias has dropped. The vehicle tracking unit 200 indicates 
current status via three colored LEDs visible on the end of the 
unit 200, as conceptually illustrated in FIG. 4. 
The unit 200 poWers up upon receiving an initial 12V 

supply and thereafter When the CAN bias is raised above 
1.1V. Typically, the unit 200 Will alWays have 12V available 
from the vehicle 115 battery and Will start on the bias change, 
but in the case of a disconnect or battery failure the unit 200 
Will poWer up When poWer is restored. ShutdoWn is initiated 
When the vehicle’s 115 ignition is in a “Lock” position for a 
minimum amount of time (Approximately 1.5 minutes). The 
status of the ignition is requested from the unit 200 periodi 
cally (e.g., approximately every tWo seconds). If the unit 200 
reports the ignition as being in the locked position 30 times 
consecutively (or does not respond at all) shutdoWn is initi 
ated. The vehicle tracking unit 200 then turns off its CAN 
transceiver and Waits 27 seconds for the CAN bias to drop. At 
the end of this time the status of the vehicle’s 115 diagnostic 
CAN bus is checked. If there is less than 1.1V on the CAN 
high line of the diagnostic bus, the unit 200 Will shutdoWn. 
OtherWise, the unit 200 is restarted. 

Wireless communication via a hotspot (i.e., WAP) occurs if 
a compatible (e.g., 802.11x) connection to an open netWork 
exists and is detected. In a preferred implementation, probe 
?les are sent via ftp to the netWork server 105. The unit 200 
may create a neW set of ?les at the beginning of each day or 
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When no ?les for the current day are present. NeW probe ?les 
preferably include the unit 200 serial number and the date as 
a ?le name, and a counter in the ?le name extension for 
backend identi?cation and ordering. Each ?le contains 
header information and a set or sets of probe data. If a con 
nection is not available, then each neW data set is appended to 
an existing daily ?le until such time as a connection becomes 
available. 

The vehicle tracking unit 200 contains an embedded GPS 
receiver 210 (With an antenna 212) to provide location and 
time information. In a preferred embodiment, the unit 200 
includes a battery backup as part of the poWer supply 235 to 
expedite the acquisition of a GPS lock and to poWer an inter 
nal clock to keep the current date and time. When the unit is 
poWered up for the ?rst time (out of box operation) it Will not 
have a date or time. Upon acquisition of one satellite signal 
the unit 200 Will output “GPS time,” i.e., Coordinated Uni 
versal Time (UTC), Which is the number of seconds since 
00:00:00 UTC, Jan. 6, 1980, With an offset ofseveral seconds 
(this offset is currently about 15 seconds and historically 
increases by a second every 18 months). From the ?rst time 
the unit 200 is poWered up, the GPS receiver 210 Works to 
complete an almanac Which contains information about every 
satellite in the constellation, ionospheric data and system 
messages. Once this almanac is complete the unit 200 Will 
begin to output correct UTC time. The almanac also alloWs 
the unit 200 to obtain its GPS ?x sooner the next time it is 
poWered up. It takes roughly 15 minutes for the GPS unit to 
complete its almanac if it has a valid lock the entire time. To 
increase GPS availability neWly installed units should be 
alloWed to obtain a complete almanac as soon as possible. 
Until a unit has been alloWed to obtain its ?rst satellite ?x, the 
date and time Will be interpreted as Zeros. Any data collected 
during this time may be invalid as it Will not have an associ 
ated date and time. Also, if the unit loses its battery backup for 
any reason it may lose its almanac and stored date and time. If 
this happens, the unit 200 Will need to repeat the steps 
required to acquire its almanac. 

During normal operating conditions the GPS receiver 210 
Will generally obtain a ?x in 45 seconds or less When ?rst 
poWered up if there are four valid satellites in vieW of the GPS 
receiver’s 210 antenna. Any time the GPS receiver 210 has 
less than four satellites available it Will be unable to calculate 
a GPS position and any location, speed or altitude recorded at 
this time Will consist of all Zeros. Due to the nature of GPS it 
is normal to occasionally lose a satellite lock. This can be 
caused by physical signal obstruction, signal degradation due 
to ionosphere and troposphere conditions, false information 
from re?ected signals or other factors. One Way to increase 
GPS availability is to alloW the GPS receiver 210 to obtain a 
complete almanac When ?rst installed and to mount a GPS 
antenna 212 in a location that has the Widest vieW of the sky 
possible. 
An important aspect of the invention is the method of 

naming data ?les to impart useful information While distin 
guishing each ?le that is created. In a preferred implementa 
tion, ?le names for data ?les contain three elements, the date, 
the unit’s 200 serial number and a count number for the day. 
The name takes the form of MDDYSSSSCCC, Where: 

MIcurrent month as a hex number (i.e. January:1, 
October:A, NovembeFB) 

DDIcurrent day as a tWo digit decimal number 
Y:last digit of the year (i.e. 2006:6) 
SSSS:fO11I‘ digit hex serial number unique to each vehicle 

tracking unit 200 
CCC?hree digit hex ?le count, incremented for each neW 

?le created in the same day. 
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By Way of example, a ?le name created on Apr. 28, 2006, 

on an vehicle tracking unit 200 With a serial number of 0013 
may appear as folloWs: 
428600130000 
As the exemplary ?le name format uses only one digit to 

display the year, the ?le names Will experience a rollover for 
each neW decade. HoWever, this problem is merely a cosmetic 
one, as the ?le itself contains more complete date and time 
information and the backend server 105 Will readily identify 
the date on Which a ?le is transmitted. 

Another important aspect of the invention is the method of 
formatting data ?les to ef?ciently provide useful data. In an 
exemplary implementation, ?les begin With tWo lines of 
header information. The ?rst line of the exemplary header is 
detailed in FIG. 5. The second line of the header contains the 
vehicle’s VIN, a 17 digit identi?er unique to every vehicle. 

Groups of location and operational data entries folloW the 
header information. In a preferred implementation, each data 
entry consists of tWo lines. In an exemplary implementation, 
the ?rst line of every data entry pair is the GPS data at the time 
of data collection. A line of GPS consists of the date and time, 
latitude, longitude, speed and altitude. These are displayed as 
folloWs: 
UTC: YYYYMMDDHHMMSS (date and time; year, 

month, day, hours, minutes, seconds) 
LATITUDE: +0000000 (latitude With tWo digits for 

degrees, tWo digits for minutes and four digits for fraction of 
minutes) 
LONGITUDE: —000000000 (longitude With three digits 

for degrees, tWo digits for minutes and four digits for fraction 
of minutes) 
GROUNDSPEED: 000000 (groundspeed in kilometers 

per hour) 
ALTITUDE: 0000 (altitude above sea level in meters) 
A sample line of GPS information is as folloWs: 
UTC: 20060512092536 LATITUDE: +40192894 LONGI 

TUDE: —078550790 
GROUNDSPEED: 000016 ALTITUDE: 0346 
In an exemplary implementation, the second line of a data 

entry contains the actual data collected. Individual param 
eters are separated by spaces. The data collected, in order, 
may include ambient temperature, vehicle speed, odometer 
reading, Windshield Wiper status and barometric pressure. 
These values are typically available from the CAN, including 
the ECU 245 and/or sensors, available on many modern 
vehicles. HoWever, the invention is not limited to tracking 
those variables. Any conditions sensed by digital or analog 
sensors on a vehicle may be tracked. The tracked values are 
preferably Written to the ?le as raW recorded hex values to 
conserve storage space and bandWidth. Conversion from raW 
value to actual units is accomplished using conversion factors 
as set forth in FIG. 6. 
Any ?les from previous days that did not transfer on their 

day of creation may have additional GPS information lines 
applied to them. These lines may be appended for every 
transfer attempt until the ?le is able to transfer. Thus, the last 
GPS line in a ?le is from the time of successful transfer. An 
example of these appended GPS lines appears as folloWs: 
TRANSFER ATTEMPT: UTC: 20060512092536 LATI 

TUDE: +40192894 LONGITUDE: —078550790 GROUND 
SPEED: 000016 ALTITUDE: 0346 

Data lines at the end of a ?le may contain data loss codes 
due to the ECU 245 being in a poWered doWn state. This may 
also occur at the beginning of a ?le or When a vehicle 115 is 
restarted or otherWise poWered up. The backend system 105 
may be con?gured to recogniZe and ?lter these data loss codes 
appropriately. 
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In a preferred embodiment, the unit 200 is con?gured to 
detect and connect to any available open compatible wireless 
network. When more than one wireless network is available at 
a time the unit 200 may attempt to connect using one of the 
available networks. If the unit 200 fails to connect, such as 
due to encryption or MAC ?ltering, it may wait to detect a 
new available network or attempt to connect to another net 
work that has been already detected. To achieve roaming 
between access points, the unit 200 may utiliZe a soft boot. 

In a preferred implementation, the microcontroller 205 
includes a watchdog timer con?gured to trigger a system reset 
if the unit 200, due to some fault condition, such as a hang, 
neglects to regularly service the watchdog (e.g., writing a 
“service pulse” to it). The objective is to bring the system back 
from the hung state into normal operation. Thus, if for any 
reason the system was to lockup, the watchdog timer may be 
con?gured to restart the unit 200 after not being serviced for 
8.388 seconds. Under normal conditions the watchdog timer 
is serviced regularly and code execution continues as normal. 

If the ECU 245 fails to respond to speci?c requests, asso 
ciated data may be stored as an impossible real value. For 
most data types, the value may be the highest possible value. 
In the case of the VIN, the value may be 17 consecutive 0’s. 
The backend system 105 may be con?gured to recogniZe and 
process/ ?lter these values appropriately. 

Components designed to protect the electrical components 
from power surges and voltage spikes may also be provided. 
By way of example, a transient voltage suppression diode, 
varistor and/or gas discharge tube may be provided to protect 
the electronics from voltage spikes by shunting high voltage 
away from sensitive components. 

Files are transmitted upon gaining network access. Only 
one data ?le per day will exist on the vehicle tracking unit 200 
at a time. However, the vehicle tracking unit 200 can generate 
more than one ?le per day based upon connectivity and num 
ber of transmissions. Such ?les are distinguished by the 
counting extension. By way of example, the three digit ?le 
extension begins at .000 every day and counts up in hex as 
new ?le names are needed. The count starts over for each new 

day. Multiple ?les may be queued for transmission and sent 
chronologically or based on determined priorities so that ?les 
are received by the backend server 105 in a determined (e. g., 
chronological) order. This helps guard against spurious/in 
complete reports generated by the server 105. 

Advantageously, the exemplary unit 200 utiliZes FTP for 
communicating ?les over the Internet. The backend FTP 
server 105, running FTP server software, listens on the net 
work for connection requests from vehicle tracking units 200. 
Once connected, a vehicle tracking unit 200 can do a number 
of ?le manipulation operations, such as uploading ?les to the 
server. Optionally, for secure transmission, SFTP (SSH File 
Transfer Protocol) which is based on SSH, or FTPS (FTP over 
SSL), which adds SSL or TLS encryption to FTP may be 
utiliZed. Additionally, ?les may optionally be encrypted by 
the tracking unit 200 before transmission and decrypted by 
the backend server 105 upon receipt. 

Referring now to FIG. 3, a high level ?owchart of an 
exemplary vehicle tracking methodology 300 according to 
principles of the invention is provided. In step 310, the unit 
200 powers up. A threshold voltage or current, such as an 
initial 12V supply and a subsequent CAN bias above 1.1V, 
may be provided to power up the unit 200. 

Next, in step 320, the unit 200 creates a ?le (i.e., a probe 
?le) to which data will be written. In a preferred implemen 
tation, the ?le is assigned a name based upon the date, the 
unit’ s 200 serial number and a count number for the day. The 
?le is preferably formatted with header information that pro 
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10 
vides the unit serial number; software, ?rmware and hard 
ware version information; a con?guration ?le name, the date, 
?le type and vehicle’s VIN. Groups of location and corre 
sponding operational data entries will be written to the ?le 
following the header information. In a preferred implemen 
tation, each data pair entry includes GPS data (i.e., date and 
time, latitude, longitude, speed and altitude) and correspond 
ing operational data, such as ambient temperature, vehicle 
speed, odometer reading, windshield wiper status and baro 
metric pressure. 

Data acquisition steps are performed before, during and/or 
after creation of the ?le. In step 330, the GPS data is deter 
mined using a GPS receiver 210 and written by the micro 
controller 205 to the ?le in memory 225. Likewise, in step 
340, the operational data is obtained from the ECU 245, 
digital sensors 250 and/or one or more analog sensors 255 
using interfaces 240 and/or anA/ D converter 230 and written 
by the microcontroller 205 to the ?le in memory 225. The 
GPS and sensor data are preferably determined concurrently 
or time stamped, such that the GPS data de?nes the location 
of the vehicle at the time the operational data is determined. 
The data acquisition steps repeat, such that additional data 
may be acquired and added to the ?le at determined times or 
intervals and/ or upon the occurrence of determined events. 

Wireless communication occurs if a compatible (e.g., 
802.11x) connection to an open network exists and is 
detected, as in step 350. In a preferred implementation, the 
unit 200 sends ?les via a compatible protocol (e.g., ftp) to the 
network server 105. After a ?le is sent, a new ?le is created 
and steps 320 through 350 repeat. The steps may repeat until 
a termination event 360 such as a power down occurs, at 

which time the process ends 370. 
While an exemplary embodiment of the invention has been 

described, it should be apparent that modi?cations and varia 
tions thereto are possible, all of which fall within the true 
spirit and scope of the invention. With respect to the above 
description then, it is to be realiZed that the optimum relation 
ships for the components of the invention and steps of the 
process, including variations in form, function and manner of 
operation, are deemed readily apparent and obvious to one 
skilled in the art, and all equivalent relationships to those 
illustrated in the drawings and described in the speci?cation 
are intended to be encompassed by the present invention. The 
above description and drawings are illustrative of modi?ca 
tions that can be made without departing from the present 
invention, the scope of which is to be limited only by the 
following claims. Therefore, the foregoing is considered as 
illustrative only of the principles of the invention. Further, 
since numerous modi?cations and changes will readily occur 
to those skilled in the art, it is not desired to limit the invention 
to the exact construction and operation shown and described, 
and accordingly, all suitable modi?cations and equivalents 
are intended to fall within the scope of the invention as 
claimed. 
What is claimed is: 
1. A method of tracking a vehicle using a system and 

method for vehicular ?eet monitoring, said method compris 
ing steps of: 

determining a location of a vehicle using a global position 
ing system; 

determining a time at which the location of the vehicle is 
determined; 

determining at least one operational parameter of the 
vehicle at the determined time; 

creating a data ?le comprising a header and at least one data 
pair, said at least one data pair comprising the deter 
mined location of the vehicle and the corresponding at 
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least one operational parameter, said header including a 
vehicle identi?er and a tracking unit identi?er; 

determining When an open compatible Wireless netWork 
connection With lntemet access is available; and 

accessing the open compatible Wireless netWork connec 
tion and transmitting the data ?le to a remote computer 
via the Internet using a compatible ?le transfer protocol. 

2. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising steps of poWering up and 
shutting doWn the system based upon a CAN line bias. 

3. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising steps of poWering up and 
shutting doWn the system based upon a CAN line bias, 
Wherein the system is poWered up When the CAN line bias is 
at least a ?rst determined threshold amount, and the system is 
poWered doWn When the CAN line bias drops beloW a second 
determined threshold amount. 

4. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising a step of poWering up and 
shutting doWn the system based upon the status of the vehi 
cle’s ignition. 

5. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising requesting the at least one 
operational parameter periodically. 

6. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising requesting the at least one 
operational parameter periodically and determining location 
Whenever the at least one operational parameter is deter 
mined. 

7. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising visibly indicating system 
status. 

8. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
Wherein said step of creating a data ?le comprising a header 
and at least one data pair, said at least one data pair comprising 
the determined location of the vehicle and the corresponding 
at least one operational parameter, said header including a 
vehicle identi?er and a tracking unit identi?er, includes 
appending each data pair to the data ?le until the data ?le is 
transmitted, and upon transmission creating a neW data ?le. 

9. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
Wherein said step of creating a data ?le comprising a header 
and at least one data pair, said at least one data pair comprising 
the determined location of the vehicle and the corresponding 
at least one operational parameter, said header including a 
vehicle identi?er and a tracking unit identi?er, includes 
appending each data pair to the data ?le until the data ?le is 
transmitted, and upon transmission creating a neW data ?le, 
and creating a ?le name for each data ?le said ?le name 
including a date, an identi?cation number for the system and 
a count number for the date. 

10. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
said method further comprising creating an almanac, said 
almanac including GPS satellite information and determining 
a date and time from UTC time. 
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11. A method of tracking a vehicle using a system and 

method for vehicular ?eet monitoring according to claim 1, 
Wherein each of said at least one data pair includes a time of 
data collection. 

12. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
Wherein each of said at least one data pair includes a time of 
data collection, latitude, longitude, groundspeed and altitude. 

13. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
Wherein each of said at least one data pair includes a time of 
data collection, latitude, longitude, groundspeed and altitude 
and at least one operational parameter from the group con 
sisting of ambient temperature, vehicle speed, odometer read 
ing, Windshield Wiper status and barometric pressure. 

14. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
Wherein each of said at least one data pair includes a time of 
data collection, latitude, longitude, groundspeed and altitude 
and at least one operational parameter from the group con 
sisting of ambient temperature, vehicle speed, odometer read 
ing, Windshield Wiper status and barometric pressure, said 
method further comprising Writing the operational parameter 
to the data ?le as a raW recorded hexadecimal value. 

15. A method of tracking a vehicle using a system and 
method for vehicular ?eet monitoring according to claim 1, 
Wherein each of said at least one data pair includes a time of 
data collection, latitude, longitude, groundspeed and altitude 
and at least one operational parameter from the group con 
sisting of ambient temperature, vehicle speed, odometer read 
ing, Windshield Wiper status and barometric pressure, said 
method further comprising Writing the operational parameter 
to the data ?le as a raW recorded hexadecimal value, and then 
converting from the raW recorded hexadecimal value to actual 
units by applying a determined conversion factor. 

16. A vehicle tracking unit comprising 
a microcontroller, 
a GPS receiver With a corresponding GPS antenna, 
a Wireless netWork transceiver With a corresponding Wire 

less netWork antenna, 
a memory, 

a poWer supply and 
one or more interfaces operably coupled by a bus, 
said microcontroller being adapted to provide supervisory 

logic control over the tracking unit, control the GPS 
receiver and Wireless netWork transceiver, receive input 
from the GPS receiver, Wireless transceiver and inter 
faces, and Write to and read from the memory; 

said GPS receiver being adapted to receive GPS satellite 
signals and calculate position and time based thereon; 

said one or more interfaces including a means for commu 

nicatively coupling the microcontroller to a vehicle 
Electronic Control Unit and receiving operational data 
therefrom; 

said bus being adapted to enable transfer of data and poWer 
betWeen components; and 

said Wireless netWork transceiver being adapted to detect 
and transmit GPS and operational data to a remote com 
puter via an open Wireless access point With an lntemet 
connection using a determined ?le transfer protocol; 

said microcontroller being con?gured to determine a loca 
tion of the vehicle using GPS receiver, determine a time 
at Which the location of the vehicle is determined, deter 
mining at least one operational data of the vehicle at the 
determined time, and create a data ?le comprising a 
header and at least one data pair, said at least one data 
pair comprising the determined location of the vehicle 
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and the corresponding at least one operational data, said 
header including a vehicle identi?er and a tracking unit 
identi?er; determine When an open compatible Wireless 
network connection With Internet access is available 
using said Wireless netWork transceiver; and accessing 
the open compatible Wireless netWork connection and 
transmitting the data ?le, using said Wireless netWork 
transceiver, to a remote computer via the lntemet using 
a compatible ?le transfer protocol. 

17. A vehicle tracking unit according to claim 16, Wherein 
the data ?le includes a plurality of data pairs appended to the 
data ?le until the data ?le is transmitted. 

18. A vehicle tracking unit according to claim 16, Wherein 
said microcontroller is con?gured to create a neW data ?le 
upon transmission the data ?le, and con?gured to create a ?le 
name for each data ?le said ?le name including a date, an 
identi?cation number for the unit and a count number for the 
date. 

19. A vehicle tracking unit according to claim 16, Wherein 
said microcontroller is con?gured to create an almanac using 

15 

14 
said GPS receiver, said almanac including almanac data cor 
responding to the GPS satellite signals: 

each of said at least one data pair includes a time of data 
collection, latitude, longitude, groundspeed and altitude 
and at least one operational parameter from the group 
consisting of ambient temperature, vehicle speed, 
odometer reading, Windshield Wiper status and baromet 
ric pressure, said unit further being con?gured to Write 
the operational parameter to the data ?le as a raW 
recorded hexadecimal value. 

20. A vehicle tracking unit according to claim 16, Wherein 
each of said at least one data pair includes a time of data 
collection, latitude, longitude, groundspeed and altitude and 
at least one operational parameter from the group consisting 
of ambient temperature, vehicle speed, odometer reading, 
Windshield Wiper status and barometric pressure, said unit 
being con?gured to Write the operational parameter to the 
data ?le as a raW recorded hexadecimal value. 


